There might well be good reasons for denying the possibility of any form of time travel. For example, Lewis only arrives at the possibility of time travel by assuming temporal parts, the psychological continuity view of personhood, and the possibility of backwards causation. All of these are assumptions one could reasonably reject. And in the case of closed timelike loops, one could follow D.H. Mellor and argue against the 'pernicious fallacy that . . . anything which is physically possible must be possible in fact ' (1998: 127) . But these are not issues I want to address here. The question I am interested in is whether causal loops present a difficulty in addition to the -perhaps problematic -assumptions one needs to make in order to get the possibility of time travel in the first place.
Many philosophers find causal loops deeply puzzling, and loops are widely thought to constitute a theoretical cost of any view that permits them. Perhaps they are not problematic enough to constitute a reductio of such views, but they are regarded as undesirable. A number of authors have tried to come up with time travel stories that do without causal loops altogether (Monton 2009 ), or at least avoid loops with creation ex nihilo (MacBeath 1982) . I disagree. To say that causal loops are mysterious is to say that they are always inexplicable, and I do not think that is correct. Causal loops can admit all the explanation one could reasonably ask for.
To demand that all events, including those in causal loops, must be explainable is to endorse a version of the principle of sufficient reason (PSR). There are different ways of understanding this principle, and what we say about causal loops depends on which of them we adopt. One obvious possibility is to read PSR as the principle of causation:
PSR-1 Every event has a sufficient cause.
George Schlesinger (1995) and David Wiggins (1996) argue that something like PSR-1 is what underwrites inferences to the best explanation. If that is right, then we might well be forced to accept PSR-1, even though there would still be room for disagreement about its epistemic status. (This is the old problem of induction in a different guise.)
Enforcing PSR-1 often leads to infinitely descending chains of events in which each event is caused by the preceding one. This is familiar from standard models of classical mechanics, in which all the events at some time t 0 are caused by the events at an earlier time t À1 , which in turn are caused by events at an even earlier time t À2 , and so on, ad infinitum. The same can be true for causal loops. If circumstances and the laws of nature cooperate, then every event in a loop can admit of a causal explanation in terms of the events that precede it in the loop, plus events outside it if the loop is not causally isolated. What is different in the case of causal loops is that we can start out with an event e, move to its cause, and then to the cause of that cause, and then keep going until we get back to the event e that we started out with.
By endorsing PSR-1, we would already have denied the existence of uncaused first causes that could serve as the ultimate explanation of events. All that PSR-1 requires is that every event has a causal explanation, not that the chain of explanations comes to an end somewhere. One might worry that explanations in a causal loop would be unacceptably circular, but I do not think this is a serious concern. For one, the composite explanation that we obtain by tracing the causal ancestry of an event e around a causal loop is not just that the event e occurred because it occurred. The composite explanation would also make reference to events outside the loop (if the loop is not causally isolated) and to the laws of nature. For them to permit loops at all, the laws must have a very peculiar structure, and that alone provides at least some explanation of why there was a causal loop to begin with, and why e was part of it.
Moreover, it is in any case unclear why we must combine the local explanations into a composite explanation of the event e in terms of itself. Consider the closely related problem of defining an earlier-than relation < in a cyclical time series. If we tried to retain all the principles that are familiar from linear time then we quickly run into trouble. For example, if we stipulate that < is transitive then every instant in such a cyclical time is earlier than itself, which prohibits < from being either antisymmetric or irreflexive, as it is in linear time. Bas van Fraassen (1970: s. 3 .1) and W.H. Newton- Smith (1980: s. 3.2) conclude that a cyclical time series cannot be described in terms of a binary earlier-than relation. I think a better way of dealing with the issue is to abandon the transitivity of <, and to use it as a local ordering relation, as suggested by Mark Reynolds (1994) . Something similar would be a natural way of understanding PSR-1 in a closed causal loop. There are non-trivial, local explanations of events in the loop in terms of their immediate predecessors, but we cannot always combine these local explanations without losing explanatory strength. That is, there might be a good explanation of event e in terms of events f 1 , . . . , f m , and all the fs might have good explanations in terms of events g 1 , . . . , g n , but there is no good explanation of e in terms of g 1 , . . . , g n . (To put this in logical terms, explanation need not have the cut property, which is a generalized version of transitivity.) There can be good local explanations that do not get undermined by the fact that, by stringing them together, we would obtain a weaker explanation of e in terms of itself. In this sense, causal loops are amenable to complete causal explanations, and are compatible with PSR-1.
Having said this, there is reason to think that PSR-1 is not quite what G.W. Leibniz had in mind when he endorsed the principle of sufficient reason. In De rerum originatione radicali (1697), he writes:
Let us imagine the book on the Elements of Geometry to have been eternal, one copy always having been made from another; then it is clear that, though we can give a reason for the present book based on the preceding book from which it was copied, we can never arrive at a complete reason, no matter how many books we may assume in the past, for one can always wonder why such books should have existed at all times; why there should be books at all, and why they should be written in this way. What is true of books is true also of the different states of the world; every subsequent state is somehow copied from the preceding one (although according to certain laws of change). No matter how far we may have gone back to earlier states, therefore, we will never discover in them a full reason why there should be a world at all, and why it should be such as it is. (Leibniz 1956: vol. II: 790) Requiring there to be a 'full' reason in this sense is to ask for an explanation of why the entire sequence of events is the way it is, rather than otherwise. By its very nature, a full reason could not be a causal reason, and would thus go beyond what is at issue in PSR-1. This yields a second interpretation of the principle of sufficient reason:
PSR-2 There is sufficient reason why the entire world is the way it is.
Something like this seems to be behind the worry about generation ex nihilo. In the example discussed earlier, we might be able to explain the existence of a time machine at t 1 in terms of the existence of a time machine at t 2 , but this does not appear to explain why there is a time machine at all. But if we take this worry seriously then we should also worry about, say, why it is that there are electrons. We can easily explain this causally, in terms of the laws of nature and the fact that there were electrons 5 minutes ago. But then the question arises why those earlier electrons existed, and we are quickly led into an infinite regress of causal explanations that never succeed in giving a full reason for why there are any electrons at all.
Michael Dummett (1986) suggests that infinitely descending causal chains and causal loops are equally mysterious. I think the real culprit is PSR-2, which has the untenable consequence of ruling out contingent truths. To prove this, let C be the set of all contingently true propositions, and suppose that, as postulated by PSR-2, some proposition p is a sufficient reason for why the actual world is the way it is. Then p is sufficient reason for why C contains the elements that it does contain. But in order for p to be a sufficient reason, it has to be true, and if it is true then it is either contingently or necessarily true. It cannot be contingently true, though, because then it would be an element of C. Without trivializing PSR-2, no contingent proposition can count as sufficient reason for itself. So p has to be necessary. But if p is necessary, then any element of C, for which p is a sufficient reason, would have to be necessary as well. Since C contains only contingent propositions, this means that C is empty. So if PSR-2 is true then there are no contingent propositions. (Christopher Hill (1982) and Quentin Smith (1995) both present versions of this argument; I do not know who ultimately deserves credit for it.) Leibniz would have been happy to accept this conclusion. If ours is the best of all possible worlds, as he thinks it is, then an omnipotent, omniscient and supremely benevolent God could not have failed to create it, rather than some other world. Thus if God exists necessarily then it is necessary that the actual world is the way it is. But this defence does not help the rest of us, who do not believe in the necessary existence of God, and who reject the Panglossian claim that ours is the best of all possible worlds. The world could have been different from what it actually is. This shows that PSR-2 is false, and that requests for full explanations are misguided.
Causal loops thus admit all the explanation one can reasonably ask for. If the laws of nature cooperate then the events that make up a loop can be explained causally. To ask for more, and to request a 'full' explanation of causal loops, is to ask for something that is impossible. In this case, the blame would fall on the person asking the question, not on our inability to answer it. Causal loops are no more mysterious than infinitely descending causal chains, and Gott-Li universes are no more mysterious than universes in which there have always been electrons.
